Ionic liquids (ILs) are salts with quite low melting points (< 100 C); also, hydrophobic ILs including 1-alkyl-3-methylimidazolium hexafluorophosphates (CnmimPF6) and bis(trifluoromethanesulfonyl)imides (CnmimTf2N) have often been used as extraction solvents in the solvent extraction for metals. [1] [2] [3] [4] Unlike molecular organic solvents, ILs have a much high polarity and ability as liquid ion-exchangers. Several coordinatively-unsaturated neutral complexes are extracted into ILs due to the former nature, [5] [6] [7] and several cationic 8, 9 and anionic 5, 10, 11 complexes are also extracted due to the latter nature. Namely, the use of ILs as extraction solvents can result in a novel extraction separation performance.
Halide anions, such as chloride (Cl -), bromide (Br -) and iodide (I -), are not merely inorganic monoanions but also monodentate ligands. Most neutral halo-complexes are not extracted into organic solvents because they have some coordinating water molecules and a less-hydrophobic nature. Although many anionic halo-complexes are comparatively hydrophobic, they are not extracted into the solvents without hydrophobic countercations. (In the use of ILs as extraction solvents, on the contrary, some anionic bulky halo-complexes are extracted by anion-exchange with IL anions. 10 ) In the chelate extraction of metal cations into organic solvents using anionic (Brønsted-acidic) chelators as extractants, the co-existence of a certain amount of halides in the aqueous phase can result in suppressing the metal extractability because of their competitive complexation. In that into ILs, called "ionic liquid chelate extraction", 12 on the contrary, the halides may result in some extraction enhancement based on formation of metal-chelator-halide ternary complexes, originating in the above-mentioned specific natures for ILs. Standing on this hypothesis, we investigated changes in the extractability for several divalent metals by adding halides in IL chelate extraction along with using a bidentate ligand, 8-(p-toluenesulfonamido)-quinoline (Htsq, Fig. 1 -2 mol dm -3 of buffer (chloroacetic acid, acetic acid or Good's buffers) were shaken mechanically at 25 ± 1 C for 30 min. After the two phases were separated by centrifugation, the pH in the aqueous phase was determined. The metal concentration in the aqueous phase and that in the extraction phase (after back-extraction into a 10-fold volume of 1.0 mol dm -3 nitric acid) were determined by flame atomic absorption spectrophotometry. Figure 2 shows a comparison between the extraction behavior of the metals with Htsq under co-existing 1.0 mol dm -3 NaCl and KNO3. In conventional chelate extraction into chloroform, the behavior for Cu 2+ (Fig. 2(A) ) and Zn 2+ (Fig. 2(B) ) was independent on the co-existing salt, whereas Cd 2+ ( Fig. 2(C) ) showed clear extraction suppression by co-existing NaCl. The difference reflects the stability of chloro-complex formation between the metals, Cu 2+ < Zn 2+ < Cd
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2+
. 15 In extraction into C4mimTf2N, on the contrary, a specific extraction enhancement for Zn 2+ was observed ( Fig. 2(E) ). Concretely, the half-extraction pH (pH1/2) for Zn 2+ shifted from 5.4 to 4.6. Since Zn 2+ was not extracted at all into C4mimTf2N under the absence of Htsq (data not shown), it was suggested that the extraction enhancement for Zn 2+ is based on additional and dominant extraction of some ternary complex of Zn 2+ , tsq -(or Htsq) and Cl -.
In the use of Htsq as an extractant, as reported previously, Zn 2+ is extracted not only into an organic solvent 16 but also into an IL 12 as a neutral complex, Zn(tsq)2. Namely, the extraction equilibrium of Zn 2+ into the C4mimTf2N with Htsq under co-existing KNO3 is expressed as follows:
where subscript IL indicates the C4mimTf2N phase, and its extraction constant, Kex(Zn(tsq)2), was calculated as 10 -6.03 ± 0.20 from the data given in Fig. 2 
(E). In this case, the distribution ratio (DNO3) of Zn between the C4mimTf2N and aqueous phases is expressed as
DNO
IL
Zn(tsq) Zn
Therefore, that (DCl) on using NaCl can be expressed as follows:
Total Zn concentration in the C mimTf N phase = T Total Zn concentration in the aqueous phase 
The (DCl -DNO3) value can be used for identifying the extracted ternary complex species.
In addition, Zn
2+
-Cl -complex formation in the aqueous phase was negligible under this condition from Fig. 2(B) , and extraction of free Cl -into the C4mimTf2N phase via anion-exchange was regarded as being too low to affect the Zn extraction. Figure 3 shows the relationship between log (DCl -DNO3) and the aqueous phase pH, log [Htsq]IL or log [Cl -]. All of the log (DCl -DNO3) vs. pH, log [Htsq]IL and log [Cl -] plots showed linear relationships with a slope of ca. 1. From the results, the additional extracted species was determined as being a neutral ternary complex, Zn(tsq)Cl, and its extraction equilibrium is expressed as follows: Furthermore, the addition of 1-butyl-3-methylimidazolium chloride (C4mimCl, up to 2.0 × 10 -2 mol dm -3 instead of equivalent amount of NaCl) or lithium bis(trifluoromethanesulfonyl)imide (LiTf2N, up to 1.0 × 10 -1 mol dm -3 ) to the aqueous phase resulted in no change on the extraction behavior, which clarified that the extraction of the ternary complex is not based on ion-exchange. 17, 18 (The solubility product of C4mimTf2N in water is 2.70 × 10 -4 . 17 ) In addition, its equilibrium constant, Kex(Zn(tsq)Cl), was calculated as 10 -1.86 ± 0.03 . Since tsq -and Cl -are bidentate and monodentate ligands, respectively, it is obvious that Zn(tsq)Cl is a coordinativelyunsaturated complex. Although the Zn(tsq)Cl has no charge, it seems to be nearly impossible to extract the complex into conventional organic solvents. As possible mechanism to solubilize the complex in C4mimTf2N, solvation to a hydrated complex, Zn(tsq)Cl(H2O)n, or a ligand-exchange reaction between the Zn(tsq)Cl(H2O)n and IL anion Tf2N -to form Zn(tsq)Cl(Tf2N)n n-can be considered. The latter seems to be a more realistic model. (It was reported that a hydrated complex (Eu(tta)3(H2O)3, tta -= thenoyltrifluoroacetonate) is dehydrated in C4mimTf2N. 7 ) Intriguingly, the addition of larger amount of C4mimCl (1.0 × 10 -1 mol dm -3 ) to the aqueous phase instead of equivalent amount of NaCl resulted in enhancement of Zn 2+ extraction to some extent. This result suggests that not only a neutral species but also an anionic ternary chloro-complex species, such as Zn(tsq)2Cl -or Zn(tsq)Cl2 -, can be the dominant extracted species in the use of other ILs having different ion-exchange ability. We will report on a more detailed study on the specific synergistic effect in IL chelate extraction with using other ILs and/or other halides in upcoming papers. 
